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ABSTRACT 
This paper deals with the use of polypropylene-nanoclay (PPnanoclay) which 
is a masterbatch type of nanocomposite. The PPnanoclay was mixed with 
polypropylene to form Polypropylene-clay nanocomposite. Mechanical tests 
such as tensile, flexural and impact tests were performed to determine the 
mechanical properties of the composites. The PPnanoclay content was also 
varied at lOphr, 25phr, 40phrand 100 phr to study its effects on the mechanical 
properties. The experimental results indicate that the addition of PPnanoclay 
has increased the tensile modulus and tensile strength to 27% and 5% 
respectively. The enhancement of flexural properties was also obtained with 
the addition of PPnanoclay in Polypropylene. The incorporation of 
PPnanoclay in polypropylene has resulted in the reduction of elongation at 
breaks and impact resistance. Generally, the elongation at break was found to 
be highly affected by the addition of PPnanoclay into the polypropylene. This 
study also revealed that the optimum PPnanoclay loading is at 25 phr, which 
showed the highest tensile and flexural properties. The Scanning Electron 
Microscope (SEM) observation also confirmed that the addition of PPnanoclay 
into polypropylene has decreased the ductility of polypropylene and continues 
to decrease with the increasing amount of PPnanoclay content. 
Keywords: Nanocomposite, mechanical properties, polypropylene 
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Introduction 
The use of clay as a reinforcing filler in thermoplastics have been extensively 
researched due to their low cost, low density, high specific strength, high specific 
modulus and environmental friendly in nature. Lightweight, decreased wearing 
of machines, low abrasiveness, absence of health hazard during processing, 
application and upon disposal are added advantages [1]. However presently the 
use of clay have expanded as scientists and engineers began to understand the 
complexity of its structure, which manifests in how the clay's silicate sheets are 
configured [2], thus leading to the concept of using nanostructured materials to 
enhance the performance of materials systems such as nanocomposites. 
In conventional composites, the clay particles (tactoids) exist in their original 
aggregated state with nanolayers stacked face to face without any polymer 
insertion as shown in Figure 1(b). In this state the particles can impart only 
marginal enhancement of properties to the matrix [3]. There are several types of 
nanocomposite structure, but most researchers agreed on the two main structures 
namely; the intercalated and exfoliated [4,5]. In the case of intercalated polymer-
clay nanocomposite also known as immiscible, few molecular layers of polymer 
penetrate the clay host galleries increasing the d-spacing or the spacing between 
two clay layers (Figure 1(c)). The exfoliated type (Figure 1(d)) of polymer-clay 
h-i—II 
Of" 
L: 100-2000 nm 
in case of MMT 
(a) One clay platelet (b) Convensional composite 
(c) Intercalated (d) Exfoliated 
Figure 1: Schematic Illustration of Nanocomposites Structures [6] 
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nanocomposites contain individual nanolayers separated in a continuous polymer 
matrix by an average distance which depends on the clay loading, which normally 
the lesser the clay content the further the distance between the two layers. 
The preparation methods for the polymer clay- nanocomposites are divided 
into three categories according to starting materials and processing techniques. 
Their categories are solution intercalation, melt intercalation, and in situ 
polymerization methods [7,8]. However, melt intercalation is being recognized 
as popular approach due to its versatility and environmentally benign character 
[4, 8]. In addition, this method is quite general and is broadly applicable to a 
number of commodity polymers including Polypropylene, Polystyrene, Nylon 
andPMMA[8]. 
To produce composite materials on a commercial basis, a master batch method 
of diluting materials and mixing them in specified proportions is widely used. It 
is known that this method had been used to prepare nylon clay nanocomposites. 
If high molecular weight grades of nylon 6 are used, the level of exfoliation of 
clay becomes higher than when low molecular weight grades of nylon 6 are 
used. To minimize the clay exfoliation, nylon 6 of high molecular weight was 
mixed with 20.0, 14.0 and 8.25% of clay to prepare the master batches. Each 
master batch of nylon 6 mixed with clay was diluted using nylon 6 of low molecular 
weight. The mechanical properties of the nylon 6-clay nanocomposite prepared 
in this way were found to be almost the same as the mechanical properties of 
nylon 6 of high molecular weight produced using the dry compound method 
with the addition of 6.5,4.0 and 2.0% of clay [9]. 
Recent and ongoing research on polymer/inorganic nanocomposites has 
shown dramatic enhancements in stiffness, strength and thermal properties over 
those of polymers, without compromising on density, toughness or processibility. 
Major differences in behavior between conventional and nanostructured materials 
resulted from the fact that the latter have much larger surface (or interface) area 
per unit volume. Since many important chemical and physical interactions are 
governed by surfaces, a nanostructured material can have substantially different 
properties from a larger-dimension material of the same composition [3]. A study 
on the effect of clay loading in PP at 1 wt%, 2 wt% and 5 wt% of clay loading and 
the optimum clay content was found to be at 2 wt% [10]. However other study 
by different workers on the same type of materials with the variation of clay 
loading of 1 wt%, 2 wt%, 3 wt%, 5 wt% and 7 wt% has obtained the optimum clay 
content at 3 wt% [11]. 
Research on polymer clay nanocomposites has discovered that the addition 
of only 5% clay in Nylon-6 showed an excellent improvement over those for pure 
Nylon-6. The nanocomposite exhibits an increased of 40% in tensile strength, 
68% in tensile modulus, 60% in flexural strength, and 126% in flexural modulus 
[12] meanwhile, 4% clay addition in PP increased the yield stress at 15% and 54% 
in tensile modulus [13]. The addition of clay also increased the thermal stability 
as compared to their pure matrix [14, 15]. The improvement in property was 
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attributed to the nanoscale dispersion of high aspect ratio of clay layers [16]. 
The increased in modulus could be contributed to the reduced mobility of a 
constrained polymer phase closed to the silicate layers. The large surface area of 
the exfoliated platelets is considered to be responsible for this constrained polymer 
phase with a higher modulus. 
This research is motivated by the need for polymer with enhanced mechanical 
properties without so much filler added. Difficulties were present during direct 
mixing of clay into polypropylene due to lacking in facilities and expertise. These 
compounding difficulties were overcome by using readymade PPnanoclay pellets 
in the form of masterbatch nanocomposite. PPnanoclay pellets were mixed with 
polypropylene to form polypropylene-clay nanocomposite. The PPnanoclay 
was added in polypropylene at various contents to study its effect on the 
mechanical properties and to obtain the optimized PPnanoclay loading in 
Polypropylene. This study will focus on the characterization of mechanical 
properties of the materials. 
Materials and Methods 
Polypropylene pellets used in this study were manufactured by Polypropylene 
Malaysia Bhd. while Polypropylene nanoclay (PPnanoclay) pellets were supplied 
by Nanocor Inc. According to the manufacturer the clay content in PP is about 
10%. The state of clay dispersion or type of nanocomposite structure has been 
characterized and confirmed by using XRD analysis as discussed in other work 
[17]. Polypropylene pellets were mixed with PPnanoclay with four different mixing 
ratios of 100:10,100:25,100:40 and 100:100 by weight to let down the clay content 
in polypropylene-clay nanocomposite (PNC). These formulations will be 
described as 10 phr, 25 phr, 40 phr and 100 phr (part per hundred resins) 
throughout this report. 
The blending of PP with PPnanoclay was performed in a sigma blade thermal 
mixer at 180°C and rotating speed of 50 rpm for 10 minutes. Then the compound 
was poured out and cooled at room temperature. The compounded materials 
were then ground with a crusher to prepare the granules and were injection-
molded using MCP vertical injection molding to produce standard ASTM D638 
[18], D790 [19] and D256 [20] for tensile, flexural and impact tests respectively. 
The specification of the samples was 65 mm of gauge length, 12 mm of width and 
4 mm of thickness. After molding, the samples were stored in an air tight container 
for at least three days before testing. This was done to cool samples to ambient 
temperature and to avoid any moisture uptake by the specimens during storage. 
The tensile and flexural tests were carried out according to ASTM D638 [ 18] 
and D790 [19] using 50 kN ESH machine at a constant displacement rate of 5 mm/ 
min to evaluate the tensile behavior and flexural properties of the materials. Izod 
impact tests, following ASTM D256 [20],-were performed by using Advanced 
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Universal pendulum impact system with the notched side facing the 0.898 kg 
pendulum. All tests were conducted at room temperature and six measurements 
were conducted for each type of material. 
Observations were performed on fracture surfaces by using the scanning 
electron microscope (LEO 982) to observe the fracture mechanism. Prior to 
observation a small portion of the fractured sample was cut and mounted on the 
aluminium stub and coated with a thin layer of gold to avoid electrostatic charging 
during SEM examination. 
Results and Discussions 
Mechanical Properties and Tensile Behaviour of Polypropylene-
Clay Nanocomposites 
The mechanical properties of tested samples are listed in Table 1. The measured 
tensile properties were tensile or elastic modulus (E), tensile strength (suit) and 
strain at fracture (e), whereas the measured flexural properties were flexural 
modulus and flexural strength. Each value given in Table 1 is the result of six 
measurements. Values in the parentheses represent the percentage of coefficient 
variation indicating the scattered data. 
Tensile behaviour of composites was studied as a function of PPnanoclay 
loading and their typical stress-strain curves obtained from tensile tests are 
shown in Figure 2. Major changes in the stress-strain curves can be observed 
on the addition of PPnanoclay. It can be seen that the PPnanoclay addition has 
significant effects on the tensile properties. The stress-strain curve of PP is far 
more ductile than its composites, which can be clearly seen in the insert of 
Table 1: Mechanical Properties of Tested Materials 
PPnanoclay 
(phr) 
0 
10 
25 
40 
100 
Tensile 
E 
(MPa) 
1559 
(6) 
1854 
(4) 
1983 
(5) 
1809 
(3) 
1729 
(8) 
(MPa) 
32.1 
(1) 
33.6 
(1) 
33.5 
(1) 
31.0 
(1) 
29.7 
(2) 
e(%) 
No Break 
Up to 70% 
17.19 
(14) 
14.27 
(18) 
8.55 
(10) 
4.81 
(4) 
Flexural (MPa) 
Modulus 
(MPa) 
1906 
(7) 
2268 
(7) 
2317 
(3) 
2250 
(3) 
2231 
(3) 
Strength 
(MPa) 
48.0 
(7) 
57.3 
(6) 
59.0 
(1) 
53.0 
(4) 
53.8 
(3) 
Impact 
kJ/m2 
3.10 
(8) 
2.09 
(9) 
1.78 
(9) 
1.34 
(6) 
1.30 
(6) 
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Figure 2: Typical Stress-strain Curves for PP and PP/PPnanoclay Composites 
Figure 2. The addition of PPnanoclay in PP has significantly changed the material 
to brittle behaviour, as identified by the reduction in the percentage of elongation 
at break. The increase of PPnanoclay loading has changed the tensile behaviour 
of composites, where the composites with 10 phr and 25 phr elongated beyond 
their yield point/ultimate tensile strength prior to complete fracture. Meanwhile 
the PP/PPnanoclay composites of 40 plir and 100 phr have the ultimate tensile 
strength and the strength at break at the same point. 
The obvious improvement that can be seen from the stress-strain curves is 
the increased in tensile modulus with the addition of PPnanoclay. The increased 
in tensile modulus with the addition of the filler can be observed by the increased 
of the curve's slopes in the linear region. Generally, the elongation at break is the 
tensile property which is most affected by the addition of PPnanoclay into 
PP where the composites failed in a brittle manner at higher PPnanoclay 
loading. 
32 
The Effects of PPnanoclay Loading on the Mechanical Properties of 
Polypropylene-Clay Nanocomposites 
The Effects of PPnanoclay Loading on the Tensile Properties of 
the Composites 
The effect of PPnanoclay loading on the tensile modulus is presented in 
Figure 3. The PPnanoclay content was varied from 0 to 100 phr to evaluate the 
effect of the clay on the mechanical properties of PP/PPnanoclay composites. 
As expected the addition of PPnanoclay in polypropylene has gradually increased 
the tensile modulus. The increase of tensile modulus of up to 27% at 25 phr 
PPnanoclay loading is the maximum, before it decreases again but still higher 
than the tensile modulus of pure PP. The increase in tensile modulus is attributed 
to the presence of nanoparticles that interacted strongly with the polymer chain 
and limited the mobility of surrounding chains thus increasing the tensile modulus 
[21]. This result is in consistent with other works on clay/PP nanocomposites 
[22-25] which was found to increase in tensile modulus with increasing filler 
content is due to the good dispersion of nanofillers. However many literatures 
[6,9,26] agreed that, it was difficult to obtain well dispersed clay in PP at higher 
loading, thus explained why the tensile modulus in this work decreased beyond 
25 phr. A research on clay/Ethylene propylene diene terpolymer [26] obtained a 
similar trend where the addition of clay from 1-8 phr has increased the tensile 
modulus tremendously, but the rate of increase started to reduce at 10 phr due to 
the dispersion problem. 
The addition of PPnanoclay in PP has the same effect on the tensile strength 
as depicted by Figure 3. The tensile strength has increased with the additional 
2500 
jg 2000 
J 1500 
D 
O 
E 1000 
C/5 
500 
10 25 40 
PRianoclay loading (phr) 
100 
I Tensile modulus -Tensile strength 
Figure 3: The Effect of PPnanoclay Loading on the Tensile 
Modulus and Strength 
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amount of PPnanoclay content to 10 phr and slightly decreased at 25 phr followed 
by significant reduction beyond 25 phr. An increment in tensile strength of 5% 
was obtained with the addition of 10 phr PPnanoclay. The increase in tensile 
strength at low PPnanoclay loading is associated with the state of clay dispersion 
as agreed by many researchers [23, 27] that at low clay content the clay layers 
are better exfoliated providing more surface area for stress transfer. The reinforcing 
effect is lower for nanocomposites with higher clay content owing to the fact 
that some clay platelets being partially exfoliated and stacked thus resulted in 
less interfacial adhesion between polymer and clay as reinforcement [9]. 
Figure 4 shows the effect of PPnanoclay loading on the elongation at break 
for various PPnanoclay loading. The histogram shows that the addition of 
PPnanoclay in PP has abruptly decreased the elongation at break. Further increase 
in PPnanoclay loading has gradually decreased the elongation at break. This 
histogram also can be related to the stress-strain curve in Figure 1, where the 
addition of 10 phr of PPnanoclay in PP has tremendously reduced the elongation 
at break or reduced the ductility of PP It is also well understood that according 
to the Hooke's law (E = o/e) the increased in modulus/rigidity will always be 
followed by the reduction in ductility. 
The trend of elongation at break as a function of PPnanoclay loading 
obtained in this study is in consistent with a study on clay/PP at clay content of 
1-7 wt% [23] and other study at clay content of 3-7wt% [28], however the latter 
showed that process optimization can be done to improve the elongation at 
break. Further understanding of the trend obtained in this research can be acquired 
by comparing the SEM micrograph as shown in Figure 5. 
0 
c 
o 
c5 
c 
o 
LU 
25 -i 
20 -
15-
10-
5 -
0 -
<#— No Break up to 70% 
y,'* y.-'. 
i . 1 
.-.-> u.-.-
T 
*:**: 
. ' . ' rM.' . 
0 100 10 25 40 
PPhanoclay loading (phr) 
Figure 4: The Effect of PPnanoclay Loading on the Elongation at Break 
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Figure 5: Fracture Surface of PP Filled with PPnanoclay; (a) 0 phr, (b) 10 phr, 
(c) 25 phr, (d) 40 phr and (e) 100 phr and (f) 100 phr at Higher Magnification 
Scanning Electron Microscope Observation 
The tensile fracture surface of composite, in Figure 5 yields information related 
to the mechanism of fracture of pure PP and its composites at different 
PPnanoclay loading. Fracture surface of pure PP (Figure 5 (a)) showed stretch 
like structures indicating plastic deformation occurred prior to tensile fracture. 
This ductile behaviour was consistent with the stress-strain curve shown in 
Figure 2. 
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The addition of 10 phr PPnanoclay has reduced the size of stretched 
structures as shown in Figure 5 (b) which indicates the decrease of ductility. 
Finer scale of dimples was observed on the fracture surfaces of higher PPnanoclay 
loading as compared to the lower PPnanoclay loading. The fracture surface of 
100 phr PPnanoclay as shown in Figure 5 (e) showed some cleavage fracture, 
which indicates brittle fracture. However there are the present of small scale 
dimples covering only a small area, which indicate less ductility. Figure 5 (f) 
shows the small area of dimples at higher magnification for clearer observation. 
The Effects of PPnanoclay Loading on the Flexural and Impact 
Properties of the Composites 
The flexural modulus of pure PP and its composites as a function of PPnanoclay 
loading are shown in Figure 6. Interestingly, despite the significant effect of 
PPnanoclay loading on the tensile modulus, the flexural modulus seems slightly 
affected. The addition of PPnanoclay has increased the flexural modulus of 
about 1.2 times of pure PP and seems constant with the increasing of PPnanoclay 
loading. However significant increase of flexural strength was observed with the 
addition of PPnanoclay of up to 13% at 25 phr PPnanoclay loading followed by 
a decrease at 40 phr and slight increased at 100 phr. The inconsistent trend at 
higher PPnanoclay loading or specifically at 40 phr to 100 phr also might be due 
to the poor clay dispersion as discussed before. Further works need to be done 
especially with the PPnanoclay loadings between 25 phr and 100 phr to confirm 
the trend. 
10 25 40 
PPnanoclay loading (phr) 
100 
I Flexural modulus • Flexural strength 
Figure 6: The Effect of Clay Loading on the Flexural Modulus and Strength 
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Figure 7 shows Impact resistance of PPnanoclay composites followed the 
same trends with the elongation at break. The impact resistance gradually 
decreases with the increasing of PPnanoclay content, this finding is in good 
agreement with other research works [9,23,29]. As explained in section 3.2 the 
presence of clay layers in the composites will prevent PP chains from free motions 
thus increasing the modulus and subsequently induced brittleness. 
C 
CD 
O 
03 
Q. 
E 
3.5 
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Figure 7: The Effect of PPnanoclay Loading on the Impact Resistance 
Conclusions 
The tensile and flexural properties of PP filled with PPnanoclay evaluated in this 
study were found to be enhanced. The addition of 25 phr PPnanoclay has 
increased the tensile and flexural moduli of PNC to 27% and 22% respectively. 
Meanwhile for the same PPnanoclay content the tensile and flexural strengths 
have increased to 4% and 13% respectively. However the elongation at break 
and the impact resistance decreased as the PPnanoclay content in the composite 
was increased. The elongation at break is the tensile property which was the 
most affected by the addition of clay, where the value decreased at far greater as 
compared to pure PP. This study also suggests that the optimum clay content is 
at 25 phr since the enhancement of mechanical properties was the optimum as 
compared to other PPnanoclay loading. Further studies on the composites should 
be continued with the XRD analysis and TEM observation to confirm the structure 
of clay dispersion in the PP matrix. 
37 
Journal of Mechanical Engineering 
Acknowledgements 
The author would like to thank Nanocor Inc. for the kindness of supplying 
masterbatch PPnanoclay composite. 
References 
[1] Goda, K., Sreekala, M.S., Gomes, A., Kaji, T. and Ohgi, J. (2006). 
Improvement of plant based natural fibers for toughening green 
composites - Effect of load application during mercerization of ramie 
fibers. Composites: Part A, 37:2213-2220. 
[2] Silva, M.D. (2006). Polymer-Clay Nanocomposites "The Processing 
Challenges of a Naturally Occurring Reinforcement". 
[3] Luo, J.-J. and Daniel, I.M. (2003). Characterization and modeling of 
mechanical behavior of polymer/clay nanocomposites. Composites 
Science and Technology, 63:1607-1616. 
[4] Alexandre, M. and Dubois, P. (2000). Polymer-layered silicate 
nanocomposites: preparation, properties and uses of a new class of 
materials. Materials Science and Engineering, 28:1-63. 
[5] Giannelis, E.P., Krishnamoorti, R. and Manias, E. (1999). Polymer-Silicate 
Nanocomposites: Model Systems for Confined Polymers and Polymer 
Brushes. Advances in Polymer Science, 138:107-147. 
[6] Ray, S.S. and Okamoto, M. (2003). Polymer/layered silicate 
nanocomposites: a review from preparation to processing. Progress in 
Polymer Science, 28:1539-1641. 
[7] Okamoto, M. (2005). Biodegradable Polymer/Layered Silicate 
Nanocomposites: A Review. Handbook of Biodegradable Polymeric 
Materials and Their Applications, 1-45. 
[8] Ray, S.S. and Bousmina, M. (2005). Biodegradable polymers and their 
layered silicate nanocomposites: In greening the 21st century materials 
world. Progress in Materials Science, 50:962-1079. 
[9] Usuki, A., Hasegawa, N. and Kato, M. (2005). Polymer-Clay 
Nanocomposites. AdvPolymSci, 179:135-195. 
38 
The Effects of PPnanoclay Loading on the Mechanical Properties of 
Polypropylene-Clay Nanocomposites 
[10] Burmistr, M.V., Sukhyy, K.M., Shilov, V.V., Pissis, P., Spanoudaki, A., Sukha, 
I. V., Tomilo, V.I. and Gomza, Y.P. (2005). Synthesis, structure, thermal and 
mechanical properties of nanocomposites based on linear polymers and 
layered silicates modified by polymeric quaternary ammonium salts 
(ionenes). Polymer, 46:12226-12232. 
[11] Wang, L. and Sheng, J. (2005). Preparation and properties of 
polypropylene/org-attapulgite nanocomposites. Polymer, 46: 6243-6249. 
[12] Ahmadi, S.J., Huang, YD. and Li, W. (2004). Review: Synthetic routes, 
properties and future applications of polymer-layered silicate 
nanocomposites. Journal of Materials Science, 39: 1919-1925. 
[13] Deshmane, C, Yuana, Q., Perkins, R.S. and Misra, R.D.K. (2007). On striking 
variation in impact toughness of polyethylene-clay and polypropylene-
clay nanocomposite systems: The effect of clay-polymer interaction. 
Materials Science and Engineering A, 458:150-157. 
[14] Park, H.-M., Lee, W.-K., Park, C.-Y, Cho, W.-J. and Ha, C.-S. (2003). 
Environmentally friendly polymer hybrids Part I Mechanical, thermal, 
and barrier properties of thermoplastic starch/clay nanocomposites. 
Journal of Materials Science, 38:909-915. 
[15] Zeng, Q.H., Yu, A.B. and Lu, G.Q.M. (2001.) Nanocomposites from 
polystyrene and layered clay minerals. Proc ACUN-3 "Technology 
Convergence in composites Application", ISBN 0 7334 0791 9. 
[16] Zyl, W.E.v., Garcia, M., Schrauwen, B.A.G. and Kooi, B.J. (2002). Hybrid 
Poly amide/Silica Nanocomposites: Synthesis and Mechanical Testing. 
Macromolecular Materials and Engineering, 287:106-110. 
[17] Kalam, A., Berhan, M.N. and Ismail, H. (2007). Characterization of 
Polypropylene-Clay Nanocomposite Structure by using XRD Technique. 
Advances in Powder Metallurgy & Particulate Materials 2007 Symposium 
proceedings, ISBN 978-967-305-047-5. 
[18] ASTM D638 - Standard Test Method for Tensile Properties of Plastics. 
[19] ASTM D790 - Standard Test Methods for Flexural Properties of 
Unreinforced and Reinforced Plastics and Electrical Insulating 
Materials. 
39 
Journal of Mechanical Engineering 
[20] ASTM D256 - Standard Test Methods for Determining the hod Pendulum 
Impact Resistance of Plastics. 
[21] Rao, Y. and Pochan, J.M. (2007). Mechanics of Polymer-Clay 
Nanocomposites. Macromolecules, 40: 290-296. 
[22] Chen, L., Wong, S.-C. and Pisharath, S. (2003). Fracture Properties of 
Nanoclay-Filled Polypropylene. Journal of Applied Polymer Science, 88: 
3298-3305. 
[23] Kim, D.H., Fasulo, P.D., Rodgers, W.R. and Paul, D.R. (2007). Structure 
and properties of polypropylene-based nanocomposites: Effect ofPP-g-
MA to organoclay ratio. Polymer, 48: 5308-5323. 
[24] Sarkar, M., Dana, K., Ghatak, S. and Banerjee, A. (2008). Polypropylene-
clay composite prepared from Indian bentonite. Bull. Mater. Sci. Indian 
Academy of Sciences, 31 (1): 23-28. 
[25] Ismail, H. and Munusamy, Y. (2007). Polyvinyl Chloride/Organoclay 
Nanocomposites: Effects of Filler Loading and Maleic Anhydride. Journal 
of Reinforced Plastics and Composites, 26:1681. 
[26] Ahmadi, S.J., Yudong, H. and Li, W. (2004). Synthesis ofEPDM/Organoclay 
Nanocomposites: Effect of the Clay Exfoliation on Structure and Physical 
Properties. Iranian Polymer Journal, 13 (5): 415-422. 
[27] Tjong, S.C. (2006). Structural and mechanical properties of polymer 
nanocomposites. Materials Science and Engineering (Review) 53: 73-197. 
[28] Sharma, S.K. and Nayak, S.K. (2009). Surface modified clay/polypropylene 
(PP) nanocomposites: Effect on physico-mechanical, thermal and 
morphological properties. Polymer Degradation and Stability, 94: 132-
40 
JOURNAL OF MECHANICAL ENGINEERING 
(JMechE) 
Aims & Scope 
Journal of Mechanical Engineering 
(formerly known as Journal of Faculty of 
Mechanical Engineering), is an international 
journal which provides a forum for 
researchers and academicians worldwide to 
publish the research findings and the 
educational methods they are engaged in. 
This Journal acts as a vital link for the 
mechanical engineering community for 
rapid dissemination of their academic 
pursuits as well as a showcase of the 
research activity of FKM for the outside 
world. 
Contributions are invited from various 
disciplines that are allied to mechanical 
engineering. The contributions should be 
based on original research works. An 
attempt will be made to review the 
submitted contributions with competent 
internal and external reviewers as to the 
suitability of the paper for satisfying the 
objectives of the journal. 
All papers submitted to JMechE are 
subjected to a rigorous reviewing process 
through a worldwide network of 
specialized and competent referees. To be 
considered for publication, each paper 
should have at least two positive referee's 
assessments. 
General Instructions 
Manuscripts intended for publication in 
the Journal FKM should be written in 
camera ready form with production-quality 
figures and done electronically in Microsoft 
Word 2000 (or above) and submitted along 
with one hard copy. Manuscripts should 
be typed using Times New Roman font 
(point 10) on one side of the paper 
(A4 size), single-spaced, with wide margins 
(1 in left and right, and 1 in on top and 
bottom). The manuscript should include 
the title of the paper; the author's name 
and affiliation; a short abstract of between 
200 and 300 words which clearly 
summarises the paper; and a list of 
keywords. Limit your submission to a 
maximum of 20 typed pages. 
Keywords 
Keywords supplied by the author should 
appear on a line following the abstract. The 
keywords selected should be 
comprehensive and subject specific. 
Maximum of five keywords should be 
sufficient to cover the major subjects of a 
given paper. General terms should not 
appear as keywords, as they have little use 
as information retrieval tools. Please choose 
keywords to be as specific as possible and 
list the most specific first, proceeding to 
the most general last. 
Units 
All scientific and technical data presented 
should be stated in SI units. 
Footnotes 
Footnotes should be kept to an absolute 
minimum and used only when essential. 
Formulae 
Formulae should be typewritten using MS 
Word compatible Equation Editor. 
Tables 
Tables, should be included within the text 
where appropriate and must be numbered 
consecutively with Arabic numerals and 
have titles that precede the table. They 
should be prepared in such a manner that 
no break is necessary. 
Figures 
Authors should appreciate the importance 
of good-quality illustrations. All graphs and 
diagrams should be referred to, for example, 
Figure 1 in the text. All figures must be 
numbered consecutively with Arabic 
numerals. A detailed caption should be 
provided below each figure according to 
the following format: 
Figure 1: (a) A simple 2-D cantilever and 
(b) microcantilever with a diamond probe. 
Figures should be embedded within the text 
where appropriate. Glossy photographs 
when required should be scanned to a 
resolution suitable with the reproduction 
requirements (1200 dpi generally will be 
sufficient). 
References 
Use squared brackets to indicate reference 
citation such as [1], [31-[5] in the main 
text. Include references at the end of the 
paper according to the citations order that 
appears in the paper using the following 
format. 
[1] M. K. Ghosh and A. Nagraj, 
"Turbulence flow in bearings," 
Proceedings of the Institution of 
Mechanical Engineers 218(1),61-64 
(2004). 
[2] H. Coelho and L. M. Pereira, 
"Automated reasoning in geometry 
theorem proving with Prolog," J. 
Automated Reasoning 2 (3), 329-390 
(1986). 
[3] P. N. Rao, Manufacturing Technology 
Foundry, Forming and Welding, 2nd ed. 
(McGraw Hill, Singapore, 2000), pp. 
53 - 68. 
[4] Hutchinson, F. David and M. Ahmed, 
U.S. Patent No. 6,912,127 (28 June 
2005). 
All papers must be submitted online to jmeche.int@gmail.com 
Correspondence Address: 
Editor in Chief 
Journal of Mechanical Engineering (JMechE) 
Faculty of Mechanical Engineering 
Universiti Teknologi MARA 
40450 Shah Alam, Malaysia. 
Tel: 603-5543 5161 
Fax:603-5543 5160 
Email: jmeche.int@gmail.com 
